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ABSTRACT 

This booklet is intended to help mainstreamed 
mentally retarded, emotionally disturbed, or learning disabled high 
school students acquire a basic uhderstanding of the responsibilities 
and working conditions of programmers and to practice basic math 
skills necessary in the occupation. The first section provides a 
brief introduction to the occupation by focusing upon those job tasks 
of a programmer with which the student is likely to be familiar. The 
next two sections deal with the work environment of the typical 
programmer and the training, education, and experience needed for Ihe 
occupation. Exercises addressing basic math skills used by 
programmers are provided. Various suggestions are listed for students 
interested in further exploring the occupation of programmer. A 
glossary and answer sheet conclude the booklet. (KC) 



*************** 

* Reproductions supplied by EDRS are the best that can be made * 

* from the original document. * 

*********************************************,/(f******^*^********;t******* 

ERIC 





U.S. DEPARTMENT OF EDUCATION 

NATIONAL INSTITUTE OF EDUCATION 

E^CATfONAl RESOURCES INFORMATION 
CENTER <ERIC> 
This document has beon reprodoced as 
received from the person or oroani2,(ion 
originating it 

Minor chanqes have been made to improve 
reproduction quality 



ZC 



"PERMISSION TO REPRODUCE THIS 
MATERIAL HAS BEEN GRANTED BY 



• Potnts of view or opinions Stated in th>s docu 
mer^t do not necessanly represent off»ci<jl NiE 
posit»on or pohcy 




TO THE EDUCATIONAL RESOURCES 
l.iPORMATION CENTER (ERIC) " 




S: er!c 



THE NATIONAL CENTER MISSION STATEMENT 

The National Center for Research in Vocational Education's 
mission is to increase the ability of diverse agencies, 
institutions, and organizations to solve educational 
problems relating to individual career planning, 
preparation, and progression. The National Center fulfills 
its mission by: 

0 Generating knowledge through research 

o Developing educational programs and products 

o Evaluating individual program needs and outcomes 

o Installing educational programs and products 

o Providing information for national planning and 
policy 

o Operating information systems and services 

0 Conducting leadership development and training 
programs 
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In this booklet, you can — 

o find out what a programmer does 

© see how a programmer uses math 

o get a chance to use math as a programmer 

0 find out the types of things a programmer needs to 
know 

© find out what courses, training, and experience 
you need to become a programmer 
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SPECIAL WORDS USED IN THIS BOOKLET 



Workers in many jobs use special words or 
special meanings for words • Learning these words 
helps) you to learn about a job. 

You will find some of these special words 
in this booklet. When these words, and some 
hard words, are used for the first time, they 
are foll;^ed by one or more asterisks.* 
These words are also in the glossary** 
at the back of the booklet. 







DEFINITIONS 



*An asteris k (*) is a syntbol that tells you to 
look at the bottom of the page for the meaning, 
or definition, of the word. 
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**A glossary is a list of words with their 
jrteanings. 7 
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WHAT DOES A PROGRAMMER DO? 



The main task of a programmer is to write instructions 

that control the work of a computer. Since a computer is 

a machine and cannot think, a programmer must write 

detailed, step-by-step directions telling the computer 

what to do. How does a programmer uo this? A programmer — 

o finds out what tasks or problems the computer 
needs to do 

o figures out how the computer can be used to do the 
tasks 

o writes detailed instructions, called a program, 
for the computer 

o puts the instructions iw the step-by-step order 

o types the instructions into the computer 

o finds and corrects any mistakes in the instructions 
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Programmers use math in their work every day. As 
programmer, you — 

o add, subtract, multiply, and di^'ide 
o read scales 

o read tables , charts , graphs , and drawings 

® measure t j.me 

o calculate percentages 

o calculate averages 
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A programmer uses math to read charts. 



EXAMPLE 

As a programmer, you will need to read and understand 
charts. Sometimes charts will tell you how to convert 
English words into computer language words. Sometimes 
charts will tell you how to convert from one number 
system to another. The chart below tells how to 
convert letters into code numbers that a computer can 
understand. Once you find the letter you want on the 
chart, the column on the left tells you the first one 
or two digits in the code. Then you use the number at 
the head of the column as the last digit of the code. 
For exanple, the cede number for R is 82. 



Dt:^s) ^ 


Digit 


0 


1 


2 


3 


4 




6 


7 


8 


9 


3 










1 
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& 
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+ 
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7 


8 
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7 
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P 
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9 
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10 
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9 
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O 
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s 
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y 
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{ 
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Codes 00 to 31 and 127 (decimal) represent special control characters that 
are not printable. 



NOW YOU 
I TRY IT 



Practice Exercise A 

For 1-6, use the chart in the example to find the code 
number for the letter or symbol shown. 

1. F ? 2. q ? 3. E ? 



4. V ? 5.= ? G.d 



For 7-12, use the chart in the example to find the 
letter or symbol represented by the code number given. 

7. 114 ? 8. 33 ? 9. 87 ? 



10. 61 ? 11. 122 ? 12. 93 
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A programmer uses math to estimate time. 



EXAMPLE 

Programmers sometimes need to estimate the time it | 
will take to write a computer program. If a 
programmer can write 20 lines of the program every 

hour, how many lines could a programmer write in j 

8 hours, or one day? j 

20 lines x 8 hours = 160 lines I 

The programmer could write 160 lines in one day, j 

1 



NOW YOU 
TRY IT 



Practice Exercise B 

13, A programmer writes 25 lines of computer 
programming every hour. How long is the program 
that was written in 4 hours? 

14, A program took 30 hours to write. The programmer 
wrote 45 lines per hour. How tnany lines are in the 
program? 

15, A programmer has 12 1/2 hours to work on a 
program. The programmer can write 23 lines per 
hour. What is the greatest number of lines that 
the program can be? 

16, A programmer has two days (16 hours) to write a 
program. The programmer can write between 18 and 
26 lines per hour. What is the shortest program 
that can be written? V/hat is the longest program 
that can be written? 

17, A 300-line program must be written. The programmer 
can write 15 lines per hour. How long will it take 
to write the whole program? 
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A programmer uses math to convert numbers. 



EXAMPLE 

The numbeisue normally use are made up of the digits 
0 to 9. This li; called the decimal system. Computers 
use the binary system instead. All nLber^ in the 
binary system have two digits, 0 and 1 a oioaraLpr 
"anothe??" '° ""^^^^^ from one's^stlm't o'' 

TO convert a decimal number to the binary system 
divide It by 2 until you reach 0. Keep track o?'the 

forjhf ^^^^ '''^ remainders bakwards 
for the answer. To find 22 in the binary system- 



2 /22 
2 7TT 
2 7T 
2 7~2 

0 



Remainder 



0 
1 
1 
0 
1 



22 is 
equal to 
10110 



TO convert a binary to a decimal, look for the I's in 
the number. Each one represents a power of 2 
depending on its place in the number: 



<^-. ...j lFb I 128 I 64 I 32 1 16 I 8 i 4 I 2 I 1 I 



First find the corresponding 
"1" in the binary number; 

1 0 1 J. 0 
10 110 
1 0 T 1 0 
Then add the "powers of 2" 
(from right to left) : 



'powers of 2" for each 



So 10110 is equal to 22. 



2 
4 

= 16 

to find the decimal number 
2 + 4 + 16 = 22 



NOW YOU TRY IT 



Practice Exercise C 

Convert the numbers on the left to decimal numbers and 
the numbers on the right to binary numbers. 

18. Ill ? 19 7 , 

20. 11010 ? PI* {f- 1 

22. 10100 5 23 3 

24. 1001 ? 25* 25 h 

26. 101101 ~ —I 
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A programmer uses math to check that programs work 
right. 



EXAMPLE 

Some computer programs figure out the average of a 
list of numbers. The numbers to be averaged are the 
input* to the program. The average given by the 
computer is the output**. The programmer checks 
that new programs work right by figuring the answer 
and comparing it to the output, Find the average of 
24, 12, and 13: 

24 + 12 + 13 = 49/3 = 16 1/3 



The output should be 16 1/3. 





NOW 


YOU 


1 


, TRY 


IT 



Practice Exercise D 

28. The program figures out the average, and your 
input is 3;5;6;3;9;4. What should be the output? 

29. Your input to the averaging program is 235;212; 
178;415;201;289. What should be the output? 

30. You run the averaging program using 12; 13; 18; 12; 
14; 15; 12 as the input. What should be the output? 

31. You input 12.5; 14.7; 18.3; 10; to the averaging 
program. What should be the output? 

32. You run the averaging program using .11; 1.9; .9; 
.75; .894 as your input. What should be the 
output? 



DEFINITIONS 

* Input is information, or data, provided for the 
computer to use when it performs the calculations in 
the program. 

** Output is information which the program figures 
out and the computer sends back. 
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WHERE DOES A PROGRAMMER WORK? 

As a programmer, you may work in many places. You may 
work for-- 

o insurance companies 
o banks 

o manufacturing plants 
o hospitals 
o schools 

o government agencies 
o research firms 
Where would you like to work? 

You will work with many people. You will work with-- 

o customers 

o computer operators 

o other programmers 

o systems analysts* 



DEFINITION 



^ Systems analysts are people who plan, schedule, and 
coordinate all the activities required to process 
data • 
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As a programmer, you will work with many different 

machines. You will work with — 

o terminals that show data on a screen 

o printers that produce a paper copy of the data 

© scanners that electronically read the data from 
cards or paper 

0 keypunch machines that cut holes in punch cards 




There are two different types of programmers* 

o Systems programmers usually are employed by the 
companies that manufacture computers. They write 
programs that make it easier to operate the 
machines, such as the programs that operate 
printers . 

o Applications programmers usually are employed by 
companies that use computers. They write programs 
that make the machine do specific jobs, such as 
programs for calculating payroll amounts. 




IP YOU ARE INTERESTED IN 
THE WORK OF A PROGRAMMER 
AND WOULD LIKE TO KNOW MORE, 
READ ON 
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WHAT TRAINING, EDUCATION, AND 
EXPERIENCE DO YOU NEED 
TO BECOME A PROGRAMMER? 



What do you think? Would you like to be a 
programmer? If you would, there are some things you 
should know. 

You should know-- 

o how computers work 

o computer languages* 

o how to solve problems using a step-by-step approach 
o how to do mathematics 

While you are in high school, you should take courses 
in mathematics and science. You can get additional 
training to be a programmer at a junior or community 
college. However, many employers require programmers to 
have a college degrae in computer science or mathematics. 
Some employers will accept college degrees in business, 
engineering, or physics. 



DEFINITION 

^ Computer languages are special languages made up of 
code words. The code words tell the computer what 
steps to do. 
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Once you get a job as a programmer, your employer 
proLably will send you to a computer school for a few 
weeks. The computer school usually is run by the 
manufacturer of the computer. At the school, you will 
learn all about the machine and what it can do. 

On the job, you will work with experienced programmers 
who will teach you about programming. It can take a year 
or more of working on the job before you learn all you 
need to know about programming. 

Taking every chance to learn new skills and tasks will 
help you do a better job. Good math skills will also help 
you do the work of a programmer. 




DO YOU WANT TO DO MORE PROGRAMMER'S MATH? 





Practice Exercise E 
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art not printabte. 














Using the 


chart above, 


find the code 


number 


for the 


following 


letters or symbols. 










33. @ 


7 


34. 


; 7 




35. 


T 


7 


36. W 


7 


37. 


e ? 




38. 


+ 


? 


39. : 


? 


40, 


) ? 




41. 


g 


? 


Find the 


letter or 


symbol for each 


of these 


code 


numbers by using the chart above. 










42. 33 


7 


43. 


57 ? 




44. 


66 


? 


45. 48 


7 


46. 


39 ? 




47. 


125 


7 


48. 70 


7 


49. 


81 ? 




50. 


127 


? 



















Practice Exercise F 

51. A 528-line program must be written. The programmer 
can write 22 iines per hour. How many days will it 
take to writo the program? 

52. A very hard 1000-line program needs to be written. 
Two programmers will be writing 15 lines each per 
hour. How many hours will it take them to finish? 

53. A huge, 5000-line program must be written. Four 
programmers will be writing 25 lines each per 
hour. How many hours will it take them to finish? 

54. A programmer can write between 160 and 215 lines 
per day. What is the shortest program which could 
be written in six days? What is the longest ? 

55. Three programmers are working on a 2000-line 
program. If each programmer writes 15 lines per 
hour, how many days will it take them to finish? 
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Practice Exercise G 

Convert the numbers on the left to decimal numbers and 
the numbers on the right to binary numbers. 



56. 


101110 


p 


57. 


65 


p 


58. 


1111 


p 


59. 


49 


p 


60. 


1101101 


p 


61. 


101 


p 


62. 


11100 


p 


63. 


53 


p 


64. 


1010100 


p 


65. 


99 


? 


66. 


110111 


p 


67. 


2 


p 


68. 


11101 


p 


69. 


18 


p 


70. 


1101 


p 


71. 


27 


p 


72. 


1010000 


? 


73. 


257 


p 


74. 


1100011 


p 


75. 


81 


p 



76. 



77. 



78. 



79. 



80. 




Practice Exercise H 

A program converts decimals into fractions, 
input .75. What should be the output? 



You 



You input .116 into the program v^hich rounds a 
decimal to two places. What should be your output? 

You input 9.25 into a program which takes a number 
and triples it. What should be your output? 

A program takes the number input, doubles it and 
then converts it to a percentage of 100. You 
input 35. What should be the output? 

A program takes the input number, calculates a 
5.5% sales tax amount and then adds the sales tax 
to the original number to output the total cost. 
You input $24.95. What should be the output? 
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DO YOU WANT TO EXPLORE SOME MORE? 



Arrange a visit to a business, school, or other 
o ganization that owns and uses ^ c°"^P"ter Ask to 
tour the computer room. Look at the different 
machines. Find out what the machines do. 

Look in the newspaper for any Jj^lj J^f "f^f " ience 
programmers. What training, education, and experience 

do the ads ask for? How much do the Dobs pay? 

Ask vour teacher or guidance counselor to help you 
f?nd a computer to use. Read the instructions on how 
to use the computer. Use the programs that come with 
the machine. Do you like working with computers? 

Are you interested in other jobs where you could work 
with computers? 

o Console operators or computer operators start 
the computer, give the computer programmed 
instructions, and make sure the machines operate 
correctly. 

o Keypunch operators prepare data to be put into 
the computer. 

o Coding clerks assist programmers in preparing 

noi charts and in writing the coded instructions. 

o converter operators take the data the machine 
puts out and explains it in words and numbers. 

YOU can do some of these jobs without all the math 
skills listed in this booklet. But you can do a 
better job if you have math skills. You may get a 
chance to move up to a better job if you can show that 
you can do your job well and that you can do the math 
needed on the job. 
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GLOSSARY 



Asterisk (*) : 

Computer 
languages : 

Glossary : 
Input : 

Output : 

Systems 
analysts : 



a mark that tells you to look at the 
bottom of the page for the meaning, or 
definition, of the word. 



special languages made up of code 
words. The code words tell the computer 
what steps to do. 

a list of words with their meanings. 

information, or data, provided for the 
computer to use when it performs the 
calculations in the program. 

information which the program figures 
out and the computer sends back. 



people who plan, schedule, and 
coordinate all the activities required 
to process data. 
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ANSWER SHEET 



Practice Exercise A Practice Exercise E (cont.) 
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printable 



Practice Exercise B 

13. 100 lines 

14. 1,350 lines 

15. 287 lines 

16. 288 lines; 416 lines 

17. 20 hours 



Practice Exercise F 

51. 3 days 

52 . 33-1/3 hours 

53 . 5 0 hours; 6-1/4 days 

54. 960 lines; 1,290 lines 

55. 5-5/9 days 



Practice Exercise C 



18. 


7 


19. 


111 


20. 


26 


21. 


10000 


22. 


20 


23. 


11 


24. 


9 


25. 


11001 


26. 


45 


27. 


100110 



Practice Exercise D 

28. 5 

29. 255 

30. 13 5/7 

31. 13.875 

32. .9108 

Practice Exercise E 

33. 64 

34. 58 

35. 84 

36. 87 

37. 101 

38. 43 



Practice Exercise G 



55. 


46 


57. 


1000001 


58. 


15 


59. 


110001 


60. 


109 


61. 


1100101 


62. 


28 


63. 


110101 


64. 


84 


65. 


1100011 


66. 


55 


67. 


10 


68. 


29 


69. 


10010 


70. 


13 


71. 


11011 


72. 


80 


73. 


100000001 


74. 


99 


75. 


1010001 



Practice Exercise H 
76^; 3/4 

77. .12 

78. 27.75 

79. 70% 

80. $26.32 
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